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RESEARCHMEMORANDUM

WIND-TONN33LINVESTIGATIONOFA TAIIJ3R3S

‘IRIANGUGKHJINGFIGETERAIRCMXTAT

MACHNUMBERSFROM0.5TO1.5

By LsslieF. LawrenceandJamesL. Smmers

SUMMARY

A wind-tunnelinvestigationhasbeenmadeto determinethe
respective-variationswithMachnuniberofthestaticlongitudinal
stability,thedrag,andtheeffectivenessofa ,constant+hord
controlsurfacefora taillessfighteraircraftemployinga triangu-
larwingofaspectratio2.31.Thesecharacteristicsweredetermined
fortheairplaueprovidedwithtwoalternativeairentries:an
externalcompression,or shockdiffuser,entryandan opennose
entry.Measurementsoflift,-drag,andpitchingmomentweremade
throughen angle-fattackr

Y
e of-k”to +14°,endovera rangeof

Machnwibersfrom0.5to 1.52 excludingtheregionfrom0.95to
1.20)withcorrespondingReynoldsnunibers,basedonthemesmaero-
dynamicchord,rangingfrom0.8x 108to 1.0x 108.

Themodelswitheithertypeofentrybecameincreasinglystable
withincreasingMachnuniber.(Thequarterpointofthemeanaero-
dynamicchordwasthereferenceforpitching+no=ntcoefficients.)

ThevariationwithMachnuder of themtitiumdragcoefficient
ofthemodelwascharacteristicofthatfortriangularwingsof
comparableaspectratio,themimimumdragcoefficientincreasing
approximately100percentbetween0.85and1.20Machnuniber.A
substantialportionoftheminimumdragcoefficientwascontributed
by thefuselageofthemodel.

WithincreasingMachnumberup to0.95,the liftsmdpitching-
momenteffectivenessofthecontrolsurfaceremainedsubstantially
constmt. Thelifteffectivenessat supersonicMachnuuiberswas
approxhatelyon-halfthesubsonicvalue.Thepitching-oment
effectivenessdecreasedcontinuouslyfromthesubsonicvalueto
approximately50percentofthisvalueat 1.52Machnumber.L
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INTRODUCTION

Thetriangularwingoflowaspectratiopossessescharacte%
isticswhichmakeitappearsuitableforuSeonfighteraircraft
designedto operateatmoderatesupersonicMachnumbers.Information,
however,iscurrentlylackingconcerningthestabilityandcontrol
characteristicsofa supersonicairplsaewiththistypeofwing. The
presentinvestigationwasconductedto determinethevariationwith
Machnumberofthelongitudinalstability,drag,andcontrol~urface
effectivenessofa modelofa representativefighteraircraft
employinga triangularwingwithconstant-chordtrailin&edgecontrol
surfaces.Themodelwasequippedwithan externalcompression,or
shockdiffuser,airentry.

Theinvestigationofthedragcharacteristicsincludeddetermi-
nationoftheincrementsofdragcontributedby theprincipalcom-
ponentsof theconfiguration.Inaddition,somemeasureofthe
effectofan opennoseairentryonthelongitudinalstaticstability
andthedragofthemodelwasdetermined.
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SYMBOIS

center

dragcoefficient,basedon thecorrectedbalancedrag
readingwhichincludesthedragdueto internalflow

minimumdragcoefficient

$nte~aldragcoefficient,basedonthedifferenceof
thetotalmomentumoftheinternalflowbetweenthe
outletofthebodyandtheenteringfree-streamtube

liftcoefficient

averagevaluesofrateof changeofliftcoefficient
withcontrol-surfacedeflection,perdegree

pitching+mxnentcoefficientaboutquarter-chordpoint
ofthemeanaerodypsmicchord

ave~agevaluesofrateof changeofpitching~omentcoef-
ficientwithcontrol+mrfacedeflection,perdegree



wingchord,feet

meanaerodynamicchordof grosstriengulawingarea

(+59‘eet
Machnuder

mass-flowcoefficient

maSSfkw induct,ShJ@

massflowinfree+tream
equalto ductentrance

persecond

ttiewithcross-sectionalarea
area,slugspersecond

free-streamdynamicpressure,poundspersquarefoot

Reynolds

spsmwise

angleof

nuder,basedon

distsnce,feet

attack,degrees

man aerodynamicchord

control-surfacedeflection,degrees

APPARATUSANDTESTS

TheinvestigationwasconductedintheAmes1–by @2-foot
high-speedwindtunnel,whichisequippedwitha flexiblenozzleto
permita variationofMachnuniberfromO to approximately1..50.
(Seefig.1.) A three-componentstrain~agebalancewasemployedto
measurelift,drag,andpitchingmoment.

Thee-viewdrawingsandphotographsofthemodelstestedare
showninfigures2 and3. Thesemodelswerereproductionsofprobable
configurationsofa fighterdesignedto operateathighsubsonicand
moderatesupersonicMachnumbers.Theairplsnehadnohorizontal
tailassembly.Thefinenessratioofthefuselagewas5.61,this
lowvaluebeingrequiredtoaccommodatetheproposedpowerunits.

Thewingplan
b aspectratio2.31..

formconsistedofan equilateraltriangleof
Theprofileat allspanwisestationswasan

u
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NACA65+06.5section.Longitudinalcontrolwasprovidedby constan~
chordflapsextendingfromthefuselagetothewingtips. FlaP
deflectionsforthemodelwereobtainedby bendingtherearportions c
of identicalinterchangeablewingsto thepositionsdesired.

Modelswithtwotypesof airentriesdesignedforthesame
powerunit,weretested.Thefirstwasenexternalcompression
entryhavinga 50°coneattheentranceanda lipangleof2!5°with
theminimumcross-sectionalarealocatedattheentrance.(See
fig.2(a).)Thisentryishereinafterreferredto asthe‘etiernal
compressionentry.”Thesecondentrywasan opennoseentry,the
exteriorprofilebeingformedby fairinga truncated24°coneinto
thecylindricalfuselage.Theminimumductarea,aswiththefirst
entry,wasalsolocatedattheentrance.(Seefig.2(b).) From
thefigure,itmaybe seenthatthemodelwiththeopennoseentry
wastestedwitha cockpitcanopy.Forthemodelwiththeexternal
compressionentry,thecockpitwasassumedtobe locatedinthecone
andinnerbody.

Thevariousmodelswereobtainedby asseniblinginterchangeable ,%
componentson a basicinnerbody. Theinnerbody,inturn,was
attachedto theendofa stingsupportwhichtransmittedaerodynamic
forcesandpitchingmomentstothestrainjgagebalauce.(Seeffg.4.) ‘
Aerodynamicforcesonthestingwere minimizedthroughtheuseof a

f

shroudextendinglongitudinallytowithin0.020inchofthebaseof
theinnerbody. Thisgapprovidedsufficientclearancebetweenthe
innerbodyandtheshroudtopreventmechanicalinterferenceresulting
fromdeflectionofthedraggage.

—

- Variationinthesngleofattackwasaccomplishedby supporting
themodelsuccessivelyona seriesofbentstings.(Seefig.4.)

Lift,drag,andpitchingmomentweredeterminedat~les of
attackfrom-4°to 14°forMachmmibersfrom0.5to0.95andfrom
1.20to 1.52.ThecorrespondingReynoldsmmibervariationis
showninfigure!5.ThedecreaseinReynoldsnmber atthehigher
subsonicMachnunibersandtheapparentlylowvaluesat supersonic
Machnumbersresultedfromincreasedtuuneloperatingtemperatures.

The static pressureatthebaseof theinnerbody(necessary
fordeterminingbasedragcorrections)wasmeasuredthroughan
orificeinthestinglocatedadjacenttothebaseoftheironerbody
as showninfigure4. Thepressuresfordetermininginternalflow
conditionswereobtainedfroma rakeof sixtotal-pressureandtwo
static-pressuretubesmouutedsymmetricallyabouttheperimeterof
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theshroudintheJetexit. Theshroudwasattachedtothebalance
housingina mannerwhichpermittedconcentricalinementofthe
shroudandrake
anglesof sting

withthestingandinnerbody,underload,atall
deflection.

RENX!TIONOFDATA

Thelift,drag,andpitchin~omentcoefffcientsarereferred
to thegrosstriangularwingarea,includingthatportioncoveredby
thefuselage.Thepitchin&nmmntcoefficientisbaseduponthe
meanaerodynamicchordandreferredto thequarte=hordposition.
Wternaldragforceswerecalculatedfrompressureobservationsby
useofmomentumtheoryaccordingtothemethodof reference1;all
otherforcedatawereobtainedby directmeasurement.

Conventional-&tunnel-wallcorrectionsat subsonicMach
nunibersweredeterminedby themethodofreference2. Thesecorrec-
tionswere: .

Aa= 0.724CL

ACD= 0.0126CL2

A furthercorrection,forconstrictioneffectsofthewind-tunnel
wallsat subsonicMachnumbers,wasevaluatedby themethodof
reference3. At0.95Machnumberthiscorrectionincreasedthe
measuredyaluesofMachnumberenddynamicpressureby approx~tely
4 and3 percent,respectively.Wallinterferenceat supersonicMach
nuiberswasminimizedby themodelbeingalmostentirelywithinthe
rhombusformedby thebowwaveanditsreflectionfromthesidewalls.
Nobuoyancycorrectionswereappliedto thedragdatabecauseofthe
small.magnitudeofthelongitudinalpressuregradientpresentin
thewind-tunnelairstream.

An adjustmentto themeasureddragforceswasnecessitatedby
theinterfer~ceofthesupport.Thisinterferencevaried,withMach
numbersadwasmanifestas a chsmgeinpressureatthebaseofthe
innerbodyofthemodelfromthatvaluewhichwouldhaveexistedif
no supporthadbeenpresent.Thevariabledragresultingfromthis
inconstantpressurewasremovedfromthemeasureddragbycorrecting
thevaluesofthemeasuredbasepressureto correspondto thatof
thefreestresm.
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Therelationshipsbetweenlift,drag,andpitching+oment
coefficientsandangleofattackforthevariousmodelconfigurations
arepresentedinfigures6,7,end8. TheeffectsofMachnumberon
thestaticlongitudinalstability,drag,sadcontroleffectiveness
areshowninfigures9 through13.

A

r

StaticLongitudinalStability

T@ staticlongitudinalstabilityofthemodelwithexternal
compressionentryis indicatedby theslopeofthecurveofthe
pitching+nomentcoefficientversusliftcoefficient.(Seefig.6.)
It isnotedthatthemodelisstableat allliftcoefficientswhere
trimis indicatedand,ingeneral, the stabilityincreasedwith
increaseinMachnumber.

Themass-flowcqefficien.tsoftableI beingsensiblythesame
forbothairentries,itisconcludedfrotia comparisonofthe ,4
pitching-ommtcurvesoffigure8 thatno chaugeinthestatic
longitudinalstabilityresultedfromthechangeintypeofairentry.
Thisresultshouldnotbe consideredindicativeoftheeffectoftype r
of airentryuponairplanestabilityforotherinternalflowconditions.

ThevariationwithMachnumberofthepositionoftheaer~
-c centerofthemodelwitheithertypeofairemtry,determined
fromtheslopeofthepitchin~omentcurvesat zeroliftcoefficient
in figure8,isillustratedinfigure9. It isobservedthattheaero-
_ic centerliesSomewhataftofthecentroidofgrosswingarea
$5~7percentofthemeanaerodynamicchord)atMachnumbersabove
. . Thisresultis insmsibleagreementwiththeresultsofem
analyticalstudy(reference4) ofthecenterofpressureof triangular
wingsinconibinationwithvarioussizebodies.Inthereference
paper,a cente~f~ressurelocationof59percentofthemeanaer~
dynamicchordwaspredictedfortheratioofbodydiametertowing
spanofthepresentinvestigation.

ThevariationoftheaerodynamiccenterofthemodelwithMach
numberagreeswellwiththatshownonfigure9 fora thinwingof
similarplanformat subsonicMachnumbersandata Reynoldsnumber
of5.3x 106. (Seereference5.)

‘%--
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DragCharacteristics

Itisemphasizedat theoutsetthattheabsolutevaluesofthe
dragcoefficientcontainedinthisreportarenotdirectlyapplicable
tothefull+caleairplane,partlybecauseinthetestsno attempt
wasmadeto simulatetheinternalflowoftheprototype.Dragvalues
morecharacteristicoftheairplanemaybe obtainedbysubstituting
forthameasuredinternaldragcoefficientsofthemodelvaluesmore
representativeofthoseprevailingfortheactualairplane.For
furthercomparisonwiththefull-scaleaircraft,valuesofthemodel
mass-flowcoefficientaregivenintableI. Thevariationsof
minimumdragcoefficientwithMachnmberforthebody}bodypluswing,
andbodypluswingplusverticalfinofthemodelwithexternalc-
~ressionentryareshownin figure10. Forthecompleteconfiguration,
thevariationofminimumdragcoei’fici=twithllachnmiberis charac-
teristicofthatpreviouslyobservedfortriangularwingsofaspect
ratio2. (Seereference6.)TIEminimum drag coefficientdisplayed
littlevariationwithMachnumbereitherbelow0.85orabove1.20

* Machnumberandindicatedan increaseofapproximately100percent
betweentheseMachnmibers.

Itisfurtherevidentfromfigure10thatthefuselagecontrik* utesfromabout60percent,at subsonicMachnuibers,toabout80
percent,at supersonicMachnumbers,tothetotalminimumdragcoef-
ficientofthetestmodel.A largeportionofthishighfuselage
drag,insomeinstancesmorethan50percent,wasfoundtoconsistof
theinternaldragofthemodel.Re6ultsoftheinternaldragmeasure
mentsareshownin figureIL. Theinternaldragcoefficientsshown
are,forlowandmoderateliftcoefficients,independentofthe@e
ofattack.Althoughtheinternalflowremainedsubsonicat stresm
Machnunibersof 1.20andl.~, thescatterof’thedataat theseMach
numbersindicatesthatthemeasurementsaresomewhatunreliable. They
have beenpresented,however,to indicatetheorderofmagnitudeof
theinternaldrag.

Comparisonoftheminimumdragcoefficientsofthemodels
equippedwiththetwotypesofair,entry(fig.U) showsthattheuse
oftheopennoseentryreducedtheminimumdragcoefficientofthe
*1 atallllachnuibers.Thereductionwasp=ticularlysfi-
stantialat supersonicMachnumbers,althoughwithincreasingsuper-
sonicMachnunibertheadvantagediminished.Thisresultshouldnot
be interpretedtoman thattheopennosetypeofairentryis
necessarilysuperiorto theexternalcompressiontype. Theevidence
ofreference7 indicatesthattheexternalcompressionentryofthe

w presentinvestigationwasfunctioningimproperlyatleastat1.5
Machn@er inthattheentryshockwasnotswal.lowe~withtheresult
thattheflowovertheexteriorofthemodelwasadverse-affected.

b _ . .
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ControlEffectiwness

Theeffectsofvariousauglesof control-surfacedeflectionon
thelift,drag,andpitch=ment characteristicsofthemodelwith
theexternal.compressionentryareshowninfigure6. me respective
variationswithMachnuniberoftheaveragerateofchangeoflift
coefficientandpitching+nomentcoefficientwithcontrol-surface
deflectionfrom0° to 10°derivedfromthesecurvesaregivenin
figure13.Alsoshownarethecorrespondi~characteristicsat a
Machnumberof1.53&terminedfromtestsofthesamemodel(reference
7)ata comparableReynoldsnuniber.

ThevariationwithMachnsmiberof lifteffectivenesswassmellat
subsonicMachnumbers.At supersonicMachnumbers,thelifteffec-
tivenessaveragedapproximately50percentofthesubsonicvelue.

Thepitching+nomenteffectivenessofthecontrolsurfaceexhib-
iteda smallincreasewithincreasingsubsonicMachnumberauda
continuousdecreasewithincreasingsupersonicMachnuniberto a value
at1.7Machnumberapproximately~0percentofthesubsonicvalue.

A comparisonofthecontroleffectivenessdeterminedinthis
investigationwiththatreportedinreference5 fora thinwingof
similarplauformat5.3X 106Reynoldsnuniberismadeinfigure13.
Theclosecorrespondenceoftheseresultsindicatesthata Reynolds
nunibervariationwithinthelimitsof therespectivetestsexerts
littleinfluenceonthemodelcontroleffectiveness.

COLLUSIONS

Fromtheresultsofa wind-tunnelinvestigationbetween0.50
and1.52Machnudberto determinethevariationwithMachnumber
ofthestaticlongitudinalstability,thedrag,andtheeffective-
nessofa constant-chordcontrolsurfacefora modelofa tailless
fighteraircraftemplofinga wingoftriangularplanformand
providedwithtwoalternatetypesofairentry,itisconcluded:

1. Thestaticlongitudinal.stabilityofthemodel,referredto
thequarterpointofthemeanaerodynamicchord,increasedcontin~
ouslywithMachnumiberthroughouttherangeofthsinvestigation
wheretrimwasindicated.Thestabilitywasnotappreciably
affectedby thetypeofairentryemployed.

,
2. Thevariationwithl!achnwiberoftheminimumdragcoeffi-

cientwasctiacteristicoftriangularwingsof stilleraspectratio.
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3. Theminimumdragcoefficientofthemodelwiththeopen
noseairentrywasloweratallMachmimbers,andsubstantially
lowerat supersonicMachnunibers,thanthatoftheconfiguration
withtheexternalcompressionentry.

4. ThevariationwithsubsonicMachnumbersoftheliftand
. pitchement effectivenessoftheconstant-chordtrailing+dgeflap

was small. At supersonicMachnuuibers,thelifteffectivenesswas
approximately50 percentofthemibsonicvalue.Thepitching+msnt
effectivenessat supersonicMachnunibersdecreasedcontinuouslyfrom
themaximumsubsohicvaluetohalfof thisvalueat1.52Machnumber.
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NationalAdvisoryCommitteeforAeronautics,
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Figure I..- Sectio@ drawing of flexible nozzle in the Mea l-by 3-1/2-foot kigh+peed
wind tumlel.
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Figure k.– Sectional view of model and support.
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